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Atstracf. Th« faackcrass brcedloQ procedxirt b««ik osed widely to transfer simply inherited trmiti into elite ^enotyp^. 
Gcnrtic markers can increase the ctfectivcaess of backcroulng by 1) tncraisins the probability of obtiiinJiig a Kvitablc 
cafaYarsioQ, ami 2) deer«A$bie thm ttiQC required to «dii»T« mi acceptable recovery. Sinnlfttioa and field result) indicated 
that, for » genome cAtiAlstlng of tei\ 200-cM chrotmosooics. basing ^election oa 40 or 8Q roarkerE in 50 BC IndlTlduiils that 
carry the allele bainn tranir»rrMf can reduce th^ xiumber of backcross ^mcr(ittQii5 needed from about seven to three 



Thkj backcros* bi^e<iir\e procedure been ujed widely 
to traasfei simply inherited tnlti into elite genotypes. 
Usually, (he tralc being [ruisfeiTed U contrullsd by a 
$inBle gene, but highly heritable traits that are mora cemplexly 
inherited h&vc also been txetnsfcrTt^i SUCCe^Sfutly fay b^kcross- 
ing; for exmmple, maiiirity in maiie (Rinke and Seoti, I $61; 
Shaver, 1976). Today, batkcraMinff ia beinc used to tranafcr 
gctcs introduced by such tenhniqu^ as trifttfomwioo or 
mutjiiJon Inio appropriate eenDplaxnL 

Several pl^untbrrrding textbooks give good dcscfiptions nf 
the backcrosi procedure CAUard. i960; Fehr, 1987). A donor 
parent (DP) carrying a ti^t of incerejit i J crossed to the recurrent 
p»rort (SCP)^ an elim line that la lacidn£ ^e n^K The h 
cros^d back lo the R? to produce the BC, gcncrailon. In ihe 
BCj and sub scAueo I backcross jcnerailohs, selecled Individu- 
als carrying the gene btxrtg transferred are b»clccroMod u> 
KP. The expected proportion of DP gcnomp is reduced by half 
wjth each generatloo of backcross Ing, Ijroring effects of link- 
age to Cha selected DP allele being tiuuferrcd, the percentage 
recurrent parent (%RP) genome expected in each backcross 
generadon ia caJcul^t^d as: 

- 100 [i-c0.5)'^*'3 

where n is the number of bacJccroisea. 

BacWorOSSing of selected planl> to the RP can be repeated 

i cv.M* iir^n A lire iwiVitajr.c-d ihat U ci.U'rlj^ly ^^rs^.v * 

■^%scs. '^*r. cxr*ereG rcroverv j-, >99% fTal^u* . 



9&RP shown in Table I, and have largely ignored the afcnctic 
Variation for %RP that ej^ists around ihc expcciEsd mean. With 
the development of genetic markers capable of providing ^ood 
fwiome coverage, chere has been interest in uUdng advjLniageof 
that varimtion la increase the efficiency of baciccrossing. 

Selection for RP marker olleJes can Increase p^acly the 
cffoclivcncss of backcfoas pto grams by allowing the breeder to 
1) select backcross plants that have a higher proportion of RP 
genome, and 1) seleci buckeross Jadivlduals that are b«|ttfir 
cnnver&iont nc^ir a mapped donor allele being transfeiTed (i.e., 
select for Je55 liakage drap}. EtprtssSAd in practical lermB, using 
genetic markers to assist bickcrcuung can 1) Tncre3-f;e the 
probability of obiai fling a si^tabl* conversion, and 2) decrease 
the time required lo achieve an cic;cep<ablc: rccovexy, 

Lsa^ to con&ider when planniag a nmker^ assisted bacK- 
c^f^s program Include 1) the time advantage of vising markers 
toawisi bftckcrossiftg. 2) thcnumbcrof markcrt needed, and 3^ 
the number of icno(ypo« to evalviito. In ihU repon, we vse 
resulu from previous litcrBLmre, cowipuwr simuUtion, end em- 
pirical studifift to pnsvide some sidelines. 

T»bl» 1. SJiptft*^ rwffr/gty t,f fMWf4iit patMnt (XF) gif\emt during 
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.Materials and methods 

The malM gt^nome was Che mod<il for the simuliition. The 
. limulnedscnome combined ten 200-cM chromosomes. Simu- 
larioRofcrossing over was based on aPoUs^n distribution wiih 
n iflMn of 2.0 (X m 2) (Hanson, 1939;. wtiJch, orv ftvcraeft, 
generated one crOAH over for every 10(K:M length. The a imula- 
dons reponcd here awumc no mtcrfcrencB. CodoTninant ge- 
" nctic maricers were evenly distributed in the genome and si<es 
of the doDor Q€nm u^eTo fiindomty wslgncd (o gtnome locaiions, 
Simulations wens conducted wjth the following parameters; 

Number of progeny: 100 or 500. 

BaclccTOts generations: BC^ BC^. arvd BCj. 

Numtcr of marker: 20. 40, 80. or 100. 

Number iclcctcd co fonn the nAxtBC generador*: I or 5. 

5drcao!i '^3jb===d =r» 1 ) presence gfuitdoriOfiiiUjAind J) 
hiph %RP). 96RP was calculalcd aj the »yerage of the (one or 
frve) selected Indi viduala. Values pre?enca<J ate the ^n»^J^ of 50 
simUjBliOdS. 

In (he computer simuIntioTi smdy, aU methods modeled 
(p-caUy irwrrciued the spcod of fccoveiiiie ih* KP geoome 
, cDTTipved to ihc peered recovery with no marker- as^sltd 
' selection (compare Tmblc* 1 and 1). Ai Icasc BO markers were 
. required (o rtcovot 59% trf the W genome in just ihxw BC 
icocrations (Table 2), Use of at least SO markers and 500 
progeny nUow^d recovery of 9S% RP in ju5[ two BC genera- 
tions, Respouc to selection waj dlminlsbed only sli(hily by 
spreading the effort over five selections. Using Riarlceri, the 
eufnbef of backcroBs genemtions needed to convert an Inbred Is 



reduced from about SCVen tO Uuce. 

By the BC^ gMcntion. Ihcr* appears lo be no practical 
»dv>nuge 10 using 500 v$. lOQ individuals. Jf the pfes»ncf of 
the donor trait in the backctoss individuals can be ascenalncd 
before marker* art geno^ypod, then only half the number of 
individuals indicaied in the lablei wiH need to be analyzed. 

When » vjnaJl number of inarkers arc uicd, they tjaickJy 
became nDn'mformative; i.e., selection cauacj the marker loci 
to be«me fixed for the RP type be/ore the rcit of iho Bonomc 
is fuMy convCTwd (Tabic 3; Hospital at a!,. 1992). This $icuiUon 
wfts rnosc prTTmincu in ihc Jwgar popukrionf, where a higher 
itlccticin intensity placed marc selection pressure upon the 
mar^^er IftcL Accorimgly, it is ef intcresc to Consider how 
clowly the estimation of %JCP based on markers reflects die 
actual jcnome compos! don. The combination of estimation of 
%RP bused on fe^ markers and subsequent stlcciion ter;ds to 
bias the estimates upward (compare Tables 2 and 3). 

To* tv^^\\» uwm ihc siTnuiation co/npaxc well with real field 
data . In a typical example , 50 BC ^ plan ts c wryi n ^ the gsne be] ng 
eranifdrred were genotypcd at S3 polymorphic RfLP loci (noi= 
that this corresponds to a popuUdon size of 100 unseize ted 
plants in Tables 7 and 3). The five best BC rewvenej had 
estimated 9feRP valuej of 8S.99E,, 82.7^, $2.0%, 81.4%, anJ 
51.2%. After cvaJuatin* 10 BC^ pluxts hom each selected BC,, 
the bcsl BCj rccovciy had an estimated %RJ* of 94.6%. 

Discu^aton 

The simulations (Table 2; hospital « al., 1992) and our 
Bxpexlcnce lAdi caio *ai four markers per 200-cM chromOiOme 
is adequate to greaUy increase the effectiveness of Jeltction in 
Jt± BCj. However, using only four markers per 200 cM wil) 
likely make ic very difficult to map the location of the eone of 
interest. Adeqijate summarization the data ic An hnportant 



Tabu X /^srcKri/rccwrefUnarrfrl cerwtnc 4i*rnr mariur-assuted baaksnraUtg 



500 Pr^umy 



Gucmfon 


20 


44 


•0 100 


20 


40 


to 




















BC, 


8<i.5 


H5 


94,2 88.0 


89.9 


9a7 


90.2 


90.5 


BC, 


95.0 




. 95.8 97.2 




97.7 


98.5 




BC, 


97.4 


97.6 


98.9 99.2 


977 


98J 


99.4 


995 






















S5.1 


84.9 84.7 


47.7 


8&.1 


88.9 


88.9 


BC, 


53.7 


95.0 


95.a 55.7 


95.5 


96.8 


97 8 


979 


BC, 


97.1 


«8.3 


oa.fl $1.9 


97J 


98.5 


W3 


99.3 



Tabic J, tsUmafcj tyfperzenl rceurrefir parem gtyutm^, htiftd wwi/lkcf toKU 



W.1 



Ccr>c/»i|wi 



No. mmr)e*T* 



40 



SO 



100 



10 



40 



SO 



98.7 



?7S 



One ttlecud 

95.6 97.2 

■■10 ■> or; 



100.0 



99.1 



98.6 



98.0 



n ■ 'V: 



^2 



AtuslysU of SioUcuiar Markir Data 
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. pan of a marker- wis ted backcrots pnjgnrn. Idwlly, the marie- 
cTi U5C^ caa 3 uppljr data that can be reprwtntea as »Ilel« af loci 
' with known map position. EiStimalion of %RP, mipping the 
posinon of the locus of inttrcst, and p^hfcal diipUy of cSc 
rfSiiJiS CYoung and TAnkslcy, 1989) arc an useful in undo- 
K^nding iind controIUjjg die ipcdfjc backcrou cipcriineni 
being conducted. 
II appears that, wiiK ihc gsc of scnctic inarkcrs, the ponion 
. df Ihe RP gcTiotne that Is m>< Unkcd to the alleU bein^ tiajis- 
cjui be rccov^cd quickly And wiih confidence. The 
recovery of iU' wi}\ be alowor on the chrorooaomo carrying [he 
.gcn* of inlerest, A cofiiidgiiljk amount of linkage dn^ is 
expeccttd (o aectympAny jclcctiou for the IDP allele in a back- 
. ,«t)sa program. For a Jocus located in (he middle of a 200-cM 
drfomosomc, the length of the DP chromoiome aecnwrnt ao- 
, companying selection Is cxpccied to be 126, 63, and 28 cM in 
• tfie BC . BCj, and BC^ c^nciatlons, respwnivcly (H*Aion, 
■ J 959; Na vein and Barbadilla, 1992). Our obiervatioiu support 
me rwwnmwaiilon ofHciapltai ec al. (1992) that pfeffifenci be 

,'glven CO ihft seleedon for rtccnnhlnanis proximal to the aliete of 
ifltcrtsi. bur that selection for rwrovcTy of Ac RP elsewhere In 
the genome also b« caniidereA Thiit two-itag« selectioa can 
probably be done quite effteti vrly ad hoc by the bt^eder once 
the dara is adequately auoimariztd; however, Hoapital a al. 



suggest ways to Incorporate the tNvo criteria fnto & sdc!CQoT> 
index 5uch ihac each Component of selecHon i% otsufed aooro- 
priate *Bl£hung. 

Useof genetic markers can greiUy incr*w the effectiveness 
or backcrosang, and ihey should be uaed m any Utiou^ back- 
crojimg pTOfnm if resourccj are available to the breeder. 

Liurature Cited 

Poftciples of plant bn^n,. Wiley. New Yoit 

. ^'l m P*^''*' *=S"^"'^^<=l°P^t: V.I. Theoty and 

tcchruq^c, Maontllwi, New Yotk. 

//enf^wx, H^ii ;PJP. fevly generaiioo aiuJysis t»f »eti£th of hefcroty«Kii 

chromoienlc acj^ncnl* artHjrMj a locu< held h^acracyeous wiA 

bxkcrosrtne or tMng. CenetfcB M;g43^A7. 
V^^jpiiaC f., C Cyvoitt and A A/uironf. /PP2. Using markca Iti 

tenc inlrogpcssion breedlnE prngranis. Gcnctxca 132;U9^i2lO 
Pink^, E.H anJ J.a Stntt Movitig cofn-bdi gcmplaim 

n«Knwaru, Am, H/oritt Com mdy«iy Conf. 1« J3-56. 
JAflVtf^. L ;?7d. Cofivcraionj for eartinesj in mai^ inbtcda Maiz^ 

0«iM. Ceop. Nvaltr. 5020-23, ' 
Koun/. N.£). o/Trf rn/ti^r/cy. t989. Ri^tncijon fr^cni Imgm 

polymocphJ Jin map* and the concept of graphical aeiiorvoea. Theo 

Applied Car»t 77: 9^J0L * » 



ri^^'y-i^ of Molecular Markttr Oasa 



I 



Received from < 515 3^ 6883 > at4i10,03 2:26:10 PM [Eastern Daylight Time] 



